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RETROFIT STRATEGIES FOR SEISMICALLY VULNERABLE HOUSES BUILT IN URBAN AREAS

Ch. Masayoshi Nakashima
Mem. Kouichiro Asano, Isao Mitani, Hideki Idota, Shigehiro Morooka and Iori Kanao

In consideration of strong needs for cost-effective seismic retrofit for old houses built in urban areas, proposed is a type of retrofit techniques in which
detached houses are linked together by inexpensive materials like ropes, cushions, and others. A series of shaking table tests were conducted with the type
of linking, type of linking elements, and type of motions as major test variables. ~Although the linking elements exhibit strong nonlinearity because of gaps,
slacks, etc., it is noted that they could be approximated to equivalent linear elements. ~Analytic formulations are presented for the equivalent linearization
of the linked systems, and equivalent elastic stiffness and viscous damping ratios are derived as a unified function of the stiffness of the linked systems,
stiffness and damping of the linking element, and length of the gap or the slack. The effectiveness of the analytical expressions was demonstrated in

comparison with the results obtained numerically.
implementation of the system proposed in this study.
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BHFHICBNTHENTH 5.

4.4 EBEROELD
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BEE72 D, T T THRETIE, MR OBHHR A Kk O

—212—

MR 2R T 5, &7, HREEROLRMRKZ2H
BETD, RAT, HEHRRNEHEBERICBTERE2HANT
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—213—

ETUN
R+cy
\ .. L
<y
-8 4 . “wt...
Tedp
kRecyL)
-8 -f+a - 0427 wt
‘..umn..b
BEEAA«

52 FEMBERAD AT & W HER

25

ko= 100 [kNfem] ., k,= 150 [kNjom]

BARE D) [om]
5 & B8

BRIEE Do) [

5 10 15 5 10 15 5 10 15
NNAEERHY o [rad/s] NOARMY o [rad/s) NOBRBY o [rad/s]

] 5-3  TypeA LIRAIARERGRAR & BB ARATIR

Fos k.=100 [kN/cm] s k, =150 [kN/cm]

3.0

Py
Q
2.0
2
é:o /
- 05

00

5 10 15 10 15

HOARDE o [rad/s) Hﬁﬁiﬁﬂlﬁ @ [rad/s] NANABEHY o [rad/s
X 5-4 TypeB iR AH#RIE R & BIEMHTE

w0 k=100 [kNfom] _,,

k,=50 [kN/cm] k, =150 [kN/cm]
IR

Em E 5
= = BRI AR . i = A
Sao fl Fao fl S0 i
Q IModera [ Q /i S /
Bf2.0 /i BE20 / k 1f 2.0 il
™ /o "] B A "] I
i /o K ; | K /o
B0 Y 10 / { @ 10 -
\ N
ey N e N i
0o . s g0
20 5 10 15 20
HAARDK o [radfs|

5 10 15 5 15 20
NAARBY o [rad/s] %ﬁﬁ}ﬁ!ﬁ& w [rad/s]

X 5-5 TypeC HiRHIME AR & BKAEMITR

5.2 SMHAOHS
TypeA THIEEERR 2 HIC, SRR O HEEEBH
T5, METROZREERE, HRAICBIT 544,

o) , o
w

ERAWDZEIZED, HIRSICH VT D EMAEA D RHR
NESND, EEREREOEAEIUTOLS R ERD,

hie} (C"Az + 2a ~-sin2a wCz) - (Acosa ) (10)
T L
R0 5 a2 RO, SRR 0, RUSRIRED,,

BRADLIITEE S,

FERRIE WFFE4E 3R No. 30, 20034EHK



2 20 -~sin2a
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